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One of the endearing characteristics of wines is that they vary hugely across producing regions and even more so across countries, depending on their terroir as encapsulated in such features as meso climate, soil, and topography and thus their mix of winegrape varieties grown. Yet a feature of the spread of vineyards from the Old World (= greater Europe) to the New World (= temperate areas outside Europe and settled by Europeans during the past five centuries) is that most of the latter's wine regions have adopted just a small number of the most popular grape varieties in France and to a much lesser extent its neighbours. Over the next century, however, it appears both Old World and New World grapegrowers are likely to be confronted with relatively rapid climate changes that may alter the optimal location of production of different varieties. How producers and AOC regulators will respond to this uncertain development is impossible to say ex ante. But what is possible is to examine empirically the degree of specialization of each region in certain varieties, and its similarity with the varietal mix of other regions in their country and abroad. As projected changes in climate become available for each region, that information can be matched with indicators of regional varietal intensity and similarity to gauge possible changes in international competitiveness for currently or prospectively similar regions nationally and around the world.
The purpose of this paper is to estimate two indicators to capture distinguishing aspects of the world's wine regions: their degree of specialization in certain varieties, as measured by a varietal intensity index; and their similarity with other regions' varietal mix, as measured by a varietal-based regional similarity index. Building on their measurement for Australia by Anderson (2009) , the present paper includes a sample of twelve of the most important wine-producing countries that together account for all but one-eighth of the world's winegrapes. To keep the reporting task manageable, just one year of data is analysed. And since 1999 is the most recent year of census data available for member countries of the European Union (EU), that or the next nearest vintage for which there are data (in most cases 2000 or 2001) is chosen to provide a baseline, against which more recent or future vintages can be compared in due course as producers respond to market developments and to climate changes. The next EU census data will refer to 2009, so that is a natural comparator year to aim for once those data are imminent.
The paper first defines the two indexes to be calculated. It then presents the empirical results for 1999-2001. The final section draws out some implications and discusses prospective extensions of this research.
Defining the indexes
The two indexes defined in turn in this section are the varietal intensity index, and the varietal-based regional similarity index.
Varietal Intensity Index
Define f im as the area of plantings of grape variety m as a proportion of the total grape plantings in region i such that these shares fall between zero and one and sum to one (i.e.,
there are a total of M different grape varieties across the nation or the world, and 0  f im 1 and  m f im = 1). For the nation or world as a whole, f m is the area of plantings of grape variety m as a proportion of the total national or global grape plantings, 1 and 0  f m 1
and  m f m = 1. Then the Varietal Intensity Index, V im for variety m in region i is:
Regional Similarity Index
To define an index of similarity between regions, Anderson (2009) borrows and adapts an approach introduced by Jaffe (1986) -see also Griliches (1979) -and used subsequently by Jaffe (1989) and others including Alston, Norton and Pardey (1998) and Alston et al. (2010, Ch. 4) to measure inter-firm or inter-industry or inter-regional technology spillover potential.
One could use agro-ecological characteristics in the different regions to define their -closeness‖ to one another viticulturally, in the same way that Jaffe (1989) used characteristics of the patents obtained by firms to define a measure of technological closeness among firms. Various agro-ecological characteristics of viticulture might be used for this purpose, such as measures of climate (temperature mean, maximum and variability; rainfall mean and distribution; sunshine; humidity; windiness; etc.), geological characteristics of the soil, topography of the land, and so on, drawing on the work of Gladstones (1992) and others. Here we use measures of the mix of grape varieties planted, a form of revealed preference or judgement by vignerons about what is best to grow. That judgement is affected by not only terroir but also past and present economic considerations, including current expectations about future price trends plus the sunk cost that would be involved in grafting new varieties onto existing rootstocks.
The previously defined vector of grape varietal shares
Noting that proximity is defined by the direction in which the f-vectors are pointing, but not necessarily their length, Jaffe (1989) proposes a measure called the angular separation of the vectors which is equal to the cosine of the angle between them. If there were just two varieties, m and n, and region i had 80 percent of its total vine area planted to variety m whereas only 40 percent of region j was planted to variety m, then their index of regional similarity is the cosine of the arrowed angle winegrape price across all varieties. He also generates an index of quality of different varieties, defined as the ratio of the national average price for a variety to the national average price of all winegrape varieties.
where again f im is the area of plantings of grape variety m as a proportion of the total grape plantings in region i such that these proportions fall between zero and one and sum to one (i.e., there is a total of M different grape varieties across the nation or world, and 0  f im 1 and  m f im = 1). This allows us to indicate the degree of varietal mix -similarity‖ of any pair of regions. One can also generate it for each region relative to the average of the nation's or world's N regions, call it .
In short,  ij measures the degree of overlap of f i and f j . The numerator of equation (2) will be large when i's and j's varietal mixes are very similar. The denominator normalizes the measure to be unity when f i and f j are identical. Hence,  ij will be zero for pairs of regions with no overlap in their grape varietal mix, and one for pairs of regions with an identical varietal mix. For the in-between cases, 0 <  ij <1. It is conceptually similar to a correlation coefficient. Like a correlation coefficient, it is completely symmetric in that  ij =  ji and  ii = 1. Thus the results can be summarized in a symmetric matrix with values of 1 on the diagonal, plus a vector that reports the index for each region relative to the national or global varietal mix.
Empirical results
We begin by describing the data used before reporting on estimates of the regional intensity index and then the regional similarity index.
The data
Data on area of winegrapes planted or bearing are available by variety and region for most wine-producing countries. In the case of the European Union countries, plantings are available from one source (Eurostat), while for other countries they are typically available from a national wine industry body or the national statistical agency. They are listed in the sources to Table 1 The number of winegrape regions within each country and their share of the national total vary greatly across our sample. Our selection is dictated by the availability of data, which restricts the number of regions more in some countries than others. It also means there are varying degrees of heterogeneity of terroir within the regions.
Nonetheless, a total of 166 regions are separately identified in the 12 sample countries (shown in Appendix Table 1 ) and those regions account for all but 1.6 percent of the total winegrape area of the sample countries in aggregate.
There are many hundreds of winegrape varieties grown across the world. We have endeavoured to use the most common name when the same variety has different names in different countries, drawing on OIV (undated) but see also Robinson (1986) and Halliday (2004) . To keep the task manageable, we confine our database to the most important 258 varieties in our ample of twelve countries (listed alphabetically with their acronyms in Appendix Table 2 ). Of those, the top 74 varieties, each of which accounts for more than 0.1 percent of the total, represent 80 percent of the area planted in our sample countries.
The national representation of those 74 varieties, shown at the bottom of Table 3 repeats Table   2 but lists the varieties alphabetically, while Appendix Table 4 lists all the regions alphabetically along with their country and regional acronyms.
Varietal Intensity Index
The extent to which winegrape regions vary in terms of the mix of varieties they produce is captured by the Varietal Intensity Index, because it is the share of each variety in a region's total winegrape area as a ratio of that variety's share of the national or global area of winegrape vineyards. For present purposes, we use the total sample as a proxy for the global base, recalling that those twelve countries account for all but one-eighth of global winegrape production. Using that base, the Varietal Intensity Index ranges up to more than 10 for the most unique variety for two-thirds of the countries, and to 82 in the case of Gruner Veltliner for Austria (Table 3) . By definition these index number will tend to be smaller the larger a country's share of the global area; and they will be identical for varieties grown only in one country (as for the first two Spanish varieties listed in Table   3 , for example). The indexes reveal great heterogeneity across countries in their varietal intensities, and hence in their international comparative advantages in different varieties.
The indexes reveal even greater heterogeneity at the regional level: Appendix Table 5 shows the top five varieties, in terms of the Varietal Intensity Index, for each region within each of our sample countries.
Regional Similarity Indexes
Given the above-mentioned heterogeneity across regions and even countries in their varietal mix, a remaining question is: how similar (or different) is each region (or country) to the global average mix of varieties, and, for any one chosen region, which other regions elsewhere in the world are most similar to it in terms of varietal mix? To answer those questions we estimate Regional Similarity Index numbers. 
Implications of results and areas for further research
In summary, these empirical data provide a useful way to identify the distinctiveness of each country's wine regions not only nationally but also globally, at least in terms of Sources: Author's calculations based on national data sources listed in Table 1 . Sources: Author's calculations based on national data sources listed in Table 1 . Sources: Author's calculations based on national data sources listed in Table 1 .
